Abstract Screening for haemoglobin genotype was offered to senior school students in Manchester parish in south central Jamaica to test whether this knowledge would influence choice of partner and reduce births with sickle cell disease. Over six academic years, 15,539 students, aged mostly 15-19 years, were screened with voluntary compliance rising from 56 to 92 % over this period. All subjects were given permanent genotype cards and carriers of abnormal genes were offered counselling which explained the reproductive options but avoided recommendations. Prior to screening, all had been offered illustrated lectures on the genetics and clinical features of sickle cell disease. The current study, confined to females with the sickle cell trait, interviewed 763/845 (90.3 %) subjects seeking to assess retention of this knowledge and their response to subsequent boyfriends. Of those interviewed, 42 subjects were excluded (38 emigrated, one died, three received incorrect genotype cards) leaving 721 with complete information. Knowledge of genotype was retained in 95 %, the outcome of future offspring correctly recalled in 91 %, and haemoglobin genotype cards were still possessed by 89 %. A current 'boyfriend' was acknowledged in 403 (56 %) of whom the partner's genotype was known in 88 (74 determined by the project laboratory; 14 by other laboratories) and unknown in 315 (78 %). Offers of free blood tests to all these partners were accepted by only 14 (4 %). Seventeen (2.4 %) were married but the husbands genotype was known in only five (four AA, one AS) of these. Most subjects retain knowledge of their genotype and of its significance for having affected children but the reluctance of partners to be tested was a major obstacle.
Introduction
Inheritance of the HbS gene from one parent and that for another interacting haemoglobin gene from the other results in a spectrum of conditions causing clinically significant sickle cell disease. Most common at birth is homozygous sickle cell (SS) disease resulting from the inheritance of HbS from both parents, the risk being 1 in 4 for each pregnancy. Other clinically significant forms of sickle cell disease result from the combined inheritance of HbS and the genes for HbC, HbD Punjab, HbO Arab, Hb Lepore or forms of beta thalassaemia. Inheritance of HbS along with the gene for the normal HbA results in the generally harmless sickle cell trait; so, selection by carriers of a partner with the AA genotype is one of the options for preventing affected births.
Sickle cell disease is the most common genetic disorder and the generally most severe form, SS disease, affects an estimated 240,000 births annually in sub-Saharan Africa (Piel et al. 2013) . Births with sickle cell disease may be avoided by prenatal or pre-implantation diagnosis, but these are costly and often limited to developed societies. Prevention of the disease could also be achieved by identification of subjects with abnormal genes and education on their genetic significance empowering carriers to make informed decisions on their choice of partner. Although theoretically possible in sickle cell disease, attempts to investigate such an intervention have reached conflicting conclusions. In the Orchomenos Program, a farming community north of Athens, Greece with a 23 % prevalence of the sickle cell trait and characterised by arranged marriages in the mid 1960s, screening for the sickle cell gene was performed in 2300 families between 1966 and 1970 (Stammatoyannopoulos 1974 . Review 7 years later indicated that although subjects correctly recalled their status and the genetics of sickle cell disease, four marriages had occurred between couples with the sickle cell trait compared with 4.5 marriages predicted from random mating. Of these four, two chose to marry while conscious of the risks and two had concealed their carrier status. It was concluded that the program had failed to achieve its goals although the small numbers limited the significance of this finding. Different conclusions were reached in the Kingdom of Bahrain, where voluntary premarital screening for the sickle cell gene reduced the prevalence of SS births from 2.0 to 0.9 % (Al Arrayed 2005a), and such screening became mandatory by Royal Decree in 2004 for both Bahrain (Al Arrayed 2005b) and for Saudi Arabia (Memish and Saeed 2011; Alswaidi et al. 2012) . These programmes will reduce the frequency of affected births but Bahrain and Saudi Arabia are Islamic societies with traditions of arranged marriage. The effect of knowledge of haemoglobin genotype on subsequent partner selection in other societies is unknown and this question is now addressed by the Manchester project, centred in that parish in Jamaica. Over a 6-year period, identification of haemoglobin genotype was offered to the senior students of 15 secondary schools in the Parish and the screening of 15,539 students identified 846 females with the sickle cell trait. The current study sought to interview these former students, to determine their recall of genotype, its significance, whether they had had children, and knowledge of the haemoglobin genotype of partners.
Subjects and methods
Manchester is a parish in south central Jamaica with an area of 830 km 2 stretching from the coast in the south to an altitude of approximately 3000 ft in the north, a population of 192,000 in 2008 (Statistical Institute of Jamaica), and the parish capital Mandeville is 100 km west of the country capital Kingston. An educational programme on sickle cell disease previously offered to senior classes of secondary schools throughout the island, identified the student's need for haemoglobin genotype determination. This project offered screening to 15 secondary schools in the parish, but one declined to participate after 2 years believing that this information could be obtained from their private physicians.
Study population The target population was the 5th and 6th forms (grades 11-13; aged mostly 15-19 years) of whom 15, 539 (8750 or 56.3 % females) were screened over six academic years (2007/8 to 2012/13) . The sickle cell trait occurred in 846 (9.7 %) females but one subject much older than the others was excluded leaving a study group of 845 females.
Screening procedure At pre-arranged times, a team of a physician, clerical assistants, and 3-4 experienced phlebotomists visited a school site selected by the teaching staff. The students were invited to attend by the form teachers, completed a data form of basic demography (class, date of birth, address, family and contact details), and one 5 ml EDTA sample was taken from each student by venepuncture. The average turnround time for individuals was about 20 min and depending on local factors, 150-250 students could have blood samples taken within a 2-2½h period. Most schools required at least two visits and larger schools received 4-5 visits to satisfy the demand for screening.
Laboratory procedures
The technical methods are published (Mason et al. 2015) and the distribution of genotypes is shown in Table 1 .
Distribution of results and counselling All tested students received laminated cards bearing personal details (name, school, date of birth), laboratory ID#, and the haemoglobin genotype with interpretation. Normal subjects (AA genotype) received a card stating that they were not at risk of a baby with sickle cell disease. Carriers of abnormal genes received a card stating the genotype, for example AS with designation sickle cell trait and the notation that 'This will not affect your health but you could pass it on to your children. If your partner is normal, you cannot have a child with sickle cell disease'. The reverse side of the card for those with abnormal genes had a simple pedigree as an example and contact information for the screening laboratory. The normal genotype cards were distributed by the teacher or guidance counsellor and students with abnormal genotypes were contacted by the screening team, given the cards and offered genetic counselling which could be taken either individually or in small groups as preferred. Care was taken to avoid 'directive counselling' as the intention was to observe the responses and decisions of this 'informed cohort'. All carriers of abnormal genes were also given explanation sheets along with pedigrees for common potential partner genotypes and information on how to get their partner tested.
Details of current review The present review focused on pregnancy outcome and so was confined to females, the protocol requiring participation of at least 90 % of the 845 females with the sickle cell trait over the period June 2013-September 2014. The median interval between screening and interview was 31 months (range 12-74 months). Interviews were conducted by phone but 93 required home visits. Interviews conducted by phone took 5-10 min depending on the questions and level of understanding of the respondent. Students were asked whether they recalled their genotype, the significance of the genotype, whether they still possessed their genotype cards, if they had a 'boyfriend', did they know his genotype, had they become pregnant, and whether they were married. For the purposes of this study, boyfriend was defined as a regular partner which usually, but not always, implied sexual activity. Almost all interviews were conducted by a female member of staff who had been intimately involved in the school screening and in the associated laboratory work.
Ethical issues The programme was approved by the Jamaican Ministry of Health and the Ministry of Education and was preceded by discussions with the school staff, ParentTeachers Associations, and illustrated lectures on sickle cell disease and its genetics to the students. All students were given an information letter for their parents outlining the objectives of the study, the possible advantages, and the option of declining for their child to be tested (the opt-out approach having been approved by the Ministry of Health). The Ministry of Health considered that written informed consent was not necessary or logistically feasible under the circumstances especially since this programme was evolved in response to the request for haemoglobin genotype and the voluntary nature of participation in screening.
Results
Compliance with screening Voluntary compliance with testing increased over the 6-year screening period from 56 to 92 % (Fig. 1) . Of the 763 subjects contacted, 42 had incomplete data (38 moved abroad, one died, three had received incorrect genotype cards due to clerical errors) leaving a study group of 721.
Recall of genotype Haemoglobin genotype was correctly recalled in 686 (95.1 %) and one third of the 35 students failing to recall correctly had missed the lectures or the genotype card distribution. There was no obvious pattern regarding site of school or year of screening but many students especially in rural areas have irregular school attendance.
Recall of significance The significance of the trait in terms of the risk of a baby with sickle cell disease according to their choice of partner was correctly recalled in 653 (90.6 %) without any obvious pattern for year of screening or site of school (rural vs urban).
Possession of genotype card The cards were retained by 644 (89.2 %) and some students who had lost their cards requested replacements indicating a desire to retain the information. The proportion of lost cards increased with the interval since screening, rising from 4 % in the most recent screening year to 15 % in the first screening year.
Knowledge of boyfriend's genotype A current boyfriend was acknowledged in 403 (56 %) subjects and the genotype was known in 88 (22 %) partners, 74 tested in the project laboratory (64 AA, four AS, four AC, one SS disease, and one with Hb Shimonoseki trait) and another 14 in other laboratories. A further 74 had assumed themselves to be normal because of no symptoms or lack of family history of sickle cell disease. Of the 315 (78 %) partners with unknown genotype, all were offered free testing at the project laboratory through their girlfriends or directly with the girlfriends' acquiescence but only 14 (4 %) accepted this offer. Genotype of offspring There were 212 pregnancies among 190 mothers with the sickle cell trait, twins occurring in first pregnancies of two mothers and in the second pregnancy of one mother. The phenotypes in 188 singleton first pregnancies were 89 AA, 93 AS, one AC, one SC, and four SS.
Marriages There were 17 (2.4 %) marriages consistent with a common Jamaican pattern of marriage at a later age: the husbands genotypes were known in five marriages (four AA, one AS) and unknown in 12.
Discussion
Options to avoid births with sickle cell disease include the voluntary avoidance of relationships between carriers of abnormal genes, early detection of affected pregnancies allowing termination (prenatal diagnosis) and preimplantation genetic diagnosis. The first involving population screening and counselling could be implemented with limited technical resources whereas the latter require increasing cost and technical expertise. The choice depends to some extent upon the perceived severity of the disease which is quite different between families at risk for transfusion-dependent beta thalassaemia and those for homozygous sickle cell (SS) disease.
In transfusion-dependent beta thalassaemia, where survival requires blood transfusion every 3-4 weeks from early life and regular chelation, there is a powerful stimulus to avoid such births (Cousens et al. 2010) . The clinical picture is totally different in families at risk of a baby with SS disease, where the outcome varies from death in the first year of life to survival to the age of 80 years and a median survival in Jamaica of 55 years (Wierenga et al. 2001) . Faced with this variable clinical course, 50-70 % of mothers with an affected fetus chose to continue the pregnancy (Alter 1987; Wang et al. 1994 ) although termination of an affected fetus may be becoming more acceptable (Wonkam et al. 2015) especially with the use of non-invasive parental testing (Hill et al. 2014 ). Fetal diagnosis is now simpler and more accurate but with the social and cultural concerns regarding termination of affected pregnancies, the family desires information on the likely clinical course which is currently almost impossible to predict. Preimplantation genetic diagnosis (Xu et al. 1999 ) requires facilities for in vitro fertilisation which are limited in high-risk areas, are expensive and have success rates of 40-50 %, although its acceptability for sickle cell disease is expanding in the USA (Kuliev et al. 2011 ). However, these technologies are not widely available in developing societies and neither prenatal diagnosis nor pre-implantation genetic diagnosis is currently offered in Jamaica.
These limitations do not apply to population screening and premarital screening has successfully reduced births with beta thalassaemia in Cyprus (Angastiniotis and Hadjiminas 1981) and Sardinia (Cao et al. 1996) and has led to mandatory premarital screening in Iran (Karimi et al. 2007 ), Bahrain (Al Arrayed 2005b) , Saudi Arabia (Al Hamdan et al. 2007 ), the Palestinian territories (Tarazi et al. 2007) , and Cyprus (Cowan 2009 ) as reviewed by Giordano et al (2014) . Although contrary to the WHO guidelines (WHO 1998) on compulsory genetic testing, these programmes seem to have been well accepted. The advent of mandatory premarital screening programmes in both Bahrain and Saudi Arabia since 2004 will certainly reduce the number of affected births. Data from the Saudi programme for 2009 indicated that of nearly 300,000 engagements, marriage cancellations occurred in 52 % of the 1171 families receiving 'incompatible certificates' (Memish and Saeed 2011) . Most published reports have occurred in communities with relatively low frequencies of the sickle cell gene and often high-technology resources offering prenatal diagnosis and termination such as the Cuban programme (Granda et al. 1991 ) but logistical problems of follow-up and of monitoring pregnancy outcome have limited assessment of their impact. Jamaica is ideal for such studies since with a population of 2.8M of predominantly West African origin and abnormal haemoglobins occurring in 14.5 % of the population, it can be predicted that sickle cell disease would affect 6-7/1000 births or 270 of the 40,000 annual births. Furthermore, the geographical features of an island with good communications and adequate roads allow follow-up of virtually all births. It was against this background that the Manchester project offered haemoglobin genotype identification to the senior students of high schools selected because these represented an intelligent, motivated group, the majority of whom had not yet formed serious attachments and might factor their haemoglobin genotype into subsequent decisions. Potential disadvantages were that these students carried a greater likelihood of pursuing tertiary education and delaying childbearing although this concern seemed unfounded as 190 (26.4 %) females with the sickle cell trait have had a total of 212 pregnancies. The procedures of screening were well tolerated and compliance with this voluntary process increased to 92 % over the 6-year period suggesting that students wanted to learn their carrier status. The genetic significance of the trait for future children was recalled in 91 % but of the 403 subjects, the genotype was unknown in 315 (78 %) current sexual partners. It was not possible to reliably assess the frequency with which girls disclosed their haemoglobin genotype to their boyfriends or the level of pressure which they used to persuade their boyfriends to be tested. With the frailty of many relationships, there may have been a reluctance to embark on such discourse but in direct contact with the boyfriends by the project staff with the acquiescence of the female partner, only 14 (4 %) visited the laboratory despite the offer of free, definitive blood tests. Such testing for genetic counselling purposes requires the greatest precision (Giordano 2013) , and detection of the beta thalassaemia trait with estimations of HbA 2 and HbF and possibly gene sequencing may be difficult to justify in communities such as Jamaica with a 1 % frequency of beta thalassaemia trait. However, despite a theoretical understanding of the risks of an offspring with sickle cell disease, the great majority were not aware of their partners' haemoglobin genotype. It is currently unknown whether this reluctance of male partners to be tested is related to fear of the result or the desire to avoid the mild discomfort of the venepuncture but this reluctance compromises the identification of 'at-risk' couples limiting the options of possible interventions.
A limitation of the current study was the omission of interviews with male students but the information would have been difficult to assess in view of an impaternity rate exceeding 10 % (unpublished results) and the unpracticality of DNA confirmation of paternity. There may also be concerns on the extent to which Jamaican data are applicable elsewhere. Although the population is predominantly of West African origin with over 14 % carrying abnormal genes, its cultural and social history differs from many more conservative populations of African origin and may limit extrapolation of these data to other societies.
The objective of this programme was to establish an informed cohort of students with knowledge of their haemoglobin genotype who was not yet in established relationships, providing the option of factoring this information into their choice of partner. This objective has been compromised by the reluctance of male partners to be tested but the outcome of subsequent births remains a valid question and must await a greater number of pregnancies. In the meantime, it is clear that greater education and awareness on the genetics of sickle cell disease are necessary and should be incorporated in all biology and health-related educational programmes at school and in the public domain. If such population screening fails to achieve a reduction in affected births, the development of more widespread prenatal diagnosis facilities, despite the concerns detailed above, may become necessary.
